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We conducted an investigation of the geotechnical damage caused by an earthquake that struck on June 14, 2008. The earthquake was
of magnitude 7.2 and hit a volcanic mountain area in Northern Japan. During the earthquake, the largest strong motion ever, over 4G,
was recorded at the ground surface in the source region. As a result of the earthquake, a landslide of 1.5 million m3 was generated near
the top of the mountain and became a mud ﬂow, traveling about 10 km downstream. The geomorphic characteristics of the mud ﬂow
are reported in this paper. Another huge landslide was generated upstream near the Aratosawa Dam. It was about 1 km in length, about
700 m in width and had a sliding mass volume of about 67 million m3, which slipped about 320 m. The geological features, the time
series of the slide and the cause of the slide are also discussed. In addition, more than 50 landslide dams, formed due to the collapsed soil
and rock, appeared after the earthquake. In this paper, the geotechnical properties of all the damage are introduced.
& 2012. The Japanese Geotechnical Society. Production and hosting by Elsevier B.V. All rights reserved.
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An earthquake of magnitude 7.2 hit an inland volcanic
mountain area in Northern Japan on June 14, 2008.
During the earthquake, the largest acceleration ever
recorded was observed at a KiK-net site (maintained by
NIED: National Research Institute for Earth Science and
Disaster Prevention) located at a distance of 2.6 km from2. The Japanese Geotechnical Society. Production and
ier B.V. All rights reserved.
er responsibility of The Japanese Geotechnical Society
df.2012.01.003
oduction and hosting by Elsevier
g author.
ss: kazama_motok@civil.tohoku.ac.jp (M. Kazama).the epicenter. The station is located just at the source
region. According to the peak ground acceleration (PGA)
records, the vertical component was 3866 cm/s2. Combined
with the horizontal component of over 4G, this is the
strongest motion ever observed in Japan.
A total of 23 people were killed or missing due to this
earthquake. The earthquake caused many landslides,
debris ﬂows and landslide dams. The geotechnical char-
acteristics of the disaster caused by the earthquake are
described in this report. Detailed data can be found in the
investigative report by the Joint Reconnaissance
Committee (2009) and the report by JGS (2010).2. Seismic characteristics
An earthquake occurred at 8:43 AM Japanese Standard
Time on June 14, 2008. Its epicenter was close to the border
of Iwate and Miyagi Prefectures. As the damage caused by
this earthquake was so severe, the Japan Meteorological
Fig. 2. Recorded peak ground acceleration (PGA) by K-NET and KiK-
net with fault distance. PGA is the maximum value of three components.
Deﬁnition of fault distance is referred to NIED. A solid line corresponds
to empirical relation by Si and Midorikawa (2000) with moment
magnitude of 6.8.
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Earthquake of 2008’’. JMA assigned a magnitude of 7.2 to
this earthquake. This is the largest magnitude among inland
earthquakes of this decade in Japan. JMA estimated its
epicenter as 39101.70 in latitude and 140152.80 in longitude.
The depth of the hypocenter was 8 km.
The fault plane analyzed by JMA is displayed in Fig. 1
along with the epicenter. It shows that this was a reverse
fault type of earthquake. The crust deformation estimated by
GPS and the distribution of aftershocks indicate that the
actual fault plane dipped to the west. The rupture processes
studied by several researchers almost coincide. The epicenter
was located in the center of the fault plane, but the main
rapture occurred along the southern part of the fault. The
moment magnitudes deduced from the researchers’ work
were almost the same, namely, from 6.7 to 6.9.
2.1. Strong ground motion
K-NET and KiK-net, operated by NIED, recorded the
earthquake ground motion successfully. The ground motion
data are open to the public through the Internet (Aoi et al.,
2004). The K-NET site has a sensor at the ground surface,
while the KiK-net site has two sensors, one at the surface and
one underground. The ground proﬁle is also open with P-wave
and S-wave velocities. Fig. 2 shows the attenuation relation of
the recorded peak ground acceleration (PGA) and the fault
distance. The fault distance is referred to in NIED’s deﬁnition.
In the ﬁgure, the empirical attenuation relation by Si and
Midorikawa (2000), with a moment magnitude of 6.8, is alsoFig. 1. Map showing epicenter and fault plane solution. Epicenter is
indicated by star and surrounding small box is an area that is shown in Fig. 3.illustrated. The empirical relation goes through the center of
the recorded values. This means that the earthquake produced
average ground motion. However, in a very short range, the
discrepancy between the recorded values and the empirical
ones is very large. Several PGA values exceed the gravity unit
(e.g., 980 cm/s2) in the short range. The largest PGA is
obtained at Ichinoseki-Nishi Station (IWTH25), which is the
closest station to the hypocenter (Fig. 3). A PGA value of
3866 cm/s2 was obtained for the vertical component, which is
a world record of PGA. This ground motion will be discussed
later in the chapter. The largest horizontal PGA value of
2449 cm/s2 was obtained at AKTH04.
The spatial distribution of PGA in Fig. 3 is based on
K-NET, KiK-net, JMA and local government’s stations
which are located within 100 km of the epicenter. JMA has
deployed about 400 seismic intensity meters throughout Japan
(Nishimae, 2004). The seismic intensity meters record the
ground acceleration and calculate the seismic intensity. The
seismic intensity and the PGA of three components (NS, EW
and UD) are usually published immediately after an earth-
quake. Although the acceleration records with large ampli-
tudes are also open to the public, the ground proﬁle has not
been published. The epicenters of the aftershocks are also
plotted in Fig. 3 so as to display the main shock fault area.
The high PGA area is concentrated in the northern part where
the aftershocks occurred.
2.2. Earthquake motion observed in the source region
Figs. 4 and 5 show the strong motion records observed
at Ichinoseki-Nishi Station (IWTH25) of the KiK-net on
Fig. 3. A map showing the spatial distribution of PGA as a contour. The
recorded PGA value is interpolated to draw this map.
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Fig. 4. Ground surface strong motion records observed at the KiK-net
Ichinoseki-Nishi station (IWTH25).
0
−1500
−1000
−500
0
500
1000
1500
−1500
−1000
−500
0
500
1000
1500
−2000
0
2000
4000
NS component (Maximum: 1037 Gal)
EW component (Maximum: 748 Gal)
UD component (Maximum: 681 Gal)
A
cc
. (
G
al
)
A
cc
. (
G
al
)
A
cc
. (
G
al
)
Time (s)
10 20 30 40 50 60
0 10 20 30 40 50 60
0 10 20 30 40 50 60
Fig. 5. Underground G.L.-260 m strong motion records observed at the
KiK-net Ichinoseki-Nishi station (IWTH25).
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respectively. In Fig. 4, the PGA of all three components is
larger than 1000 cm/s2. The magnitude of the vector of the
three components is over 4000 cm/s2. Non-symmetric
shaking is observed in the vertical component of the
ground surface compared with the horizontal one and
the underground records. This extreme ground motion was
introduced as the ‘‘trampoline effect’’ by Aoi et al. (2008).
Fig. 6(a) shows the pseudo-velocity response spectrum
of the records observed during this event. Additionally,
response spectrums for the severe ground motion,including the ground motions of the 1995 Hyogoken
Nambu Earthquake, are displayed in the ﬁgure. It can be
understood that the seismic action to structures in the
IWTH25 records, with a natural period of 0.5–2 s, is rather
small compared to that in the existing records. On the
other hand, the seismic action to structures in the IWTH25
records, with a shorter natural period than 0.5 s, is larger
than that in the 1995 Hyogoken Nambu Earthquake.
These spectral characteristics are almost the same as those
in the IWTH26 records.
Fig. 6(b) shows the yield seismic coefﬁcient spectrum of
the strong motions. A sliding block analysis can be
performed to obtain the residual displacement as well as
the maximum velocity response using the strong motion
records. In the sliding block analysis, the residual displace-
ment is inﬂuenced by the natural period of the spring–
slider-mass system. The yield seismic coefﬁcient is deﬁned
as the dimensionless yield strength required for the residual
displacement of 10 cm (Sawada et al., 1998). From the
ﬁgure, it can be seen that the observed motion is very
severe for structures whose natural period is less than 0.5 s.
It is possible that the frequency characteristics of the
seismic motions affected many failures of natural slopes
composed of rock and decomposed rock masses.3. Geological features of damaged area
Fig. 7 shows a geological map (TCA, 2006) of the damaged
area. Mt. Kurikoma at the focal point of the earthquake is a
Quaternary active volcano; it is part of the Quaternary
volcano front in Northern Japan. The basement rock of this
volcano consists of Tertiary to Quaternary pyroclastic rock,
such as sedimentary and welded tuffs. Details of the strati-
graphy of the volcanic materials are shown in the literature
(Fujinawa et al., 2001). A massive lava distribution covers the
basement tuff directly in the source part of the debris ﬂow at
such sites as the Dozou and the Ubusume Rivers near the top
Fig. 6. (a) Comparison of pseudo-velocity response spectrum of the records at KiK-net IWTH25 with other strong motion records. (b) Comparison of
the yield seismic coefﬁcient spectrum, ditto, after Goto (2008).
Fig. 7. Geological map (TCA, 2006), surface fault and slope failure points around damaged area. (For interpretation of the references to color in this
ﬁgure, the reader is referred to the web version of this article.)
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location of the earthquake fault. It is a reverse fault with a
compression axis that slipped to the north and west from the
southeast. Slope failures are shown in the ﬁgure as marked.
The hatched region indicates where the slope failures were
concentrated. It is seen that most of the slope failures were
generated in the peripheral zone of the massive lava on the
upper side of the fault. Moreover, numerous slope failures
were generated along the Hasama River, which ﬂows from
the southern side of Mt. Kurikoma to Hanayama Dam, and
it is likely that the rupture process of the earthquake fault isrelated. Nevertheless, the inﬂuence of the weak geological
features, piled up in the old caldera cliff, cannot be
overlooked.
4. Outline of geotechnical earthquake hazard
Fig. 8 shows a satellite image of the damaged area taken
by Japan Aerospace Exploration Agency (JAXA) on July
2, 2008, 18 days after the earthquake event. It was taken
with the cooperation of Professor Emeritus Yokoyama of
Iwate University. The numerous areas in brown indicate
Fig. 8. Satellite image on July 2, 2008 (18 days after the earthquake), after
Japan Aerospace Exploration Agency (JAXA) and remote sensing
technology development laboratory of Iwate University. (For interpreta-
tion of the references to color in this ﬁgure, the reader is referred to the
web version of this article.)
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hundred sixty-one landslides, triggered by the earthquake,
were detected (Yagi et al., 2009). In the center of Fig. 8,
two brown streaks can be identiﬁed. They are the traces of
debris ﬂows. The largest one is the Dozou-sawa debris
ﬂow. In the lower part of Fig. 8, a failure with a circular scarp
can be identiﬁed. The largest landslide was called the
Aratosawa landslide; it is located upstream from the Arato-
sawa Dam. In the upper right side of Fig. 8, a landslide dam
caused by the earthquake can be identiﬁed. It was called the
Ichinonobara River blockage. Furthermore, the bridge, called
Matsurube Ohashi, located near this blockage, collapsed due
to the large displacement of the bridge abutment. So far, few
examples of fallen bridges due to the slope failure caused by
earthquakes have been reported in Japan. Such collapses were
not considered in the present earthquake design code.
Ichinoseki-Nishi Station (IWTH25), mentioned above, is near
these damaged points. In addition to the failures noted here,
the satellite images indicate that slope failures tended to be
generated on the western side of the fault rather than on the
eastern side of it. Some of the slope failures facing the river
closed the river channel and dammed it up.
5. Dozou-sawa debris ﬂow
A debris ﬂow was generated by the slope failure which
faced Dozou-sawa near the top of Mt. Higashi Kurikoma.
The scale of the slope failure is estimated to be about 30 m
in thickness and about 1.5 million m3 in volume of debris,
with a maximum width of about 300 m and a maximumlength of about 200 m, according to the Geospatial
Information Authority of Japan (GSI, 2008). This is the
largest mud ﬂow due to an earthquake in Japan since the
Nagano-ken Seibu Earthquake of 1984. This 1984 earth-
quake occurred in the mountain area of central Japan, and
a large debris ﬂow called ‘‘Ontake-Kuzure’’ was observed
(Moriwaki et al., 1985).
Fig. 9 shows the travel route of the debris ﬂow and the
estimated amount of piled up debris. The photograph on
the upper left side shows the source of the debris ﬂow. The
collapsed materials went over the ridge of the opposite
bank, and the lower side of the snow gorge in the lower left
part was covered by mud splashes. The rock and soil
masses of the mud ﬂow appear to have contained a
considerable amount of water at the time of the collapse,
and behaved like a liquid. Past experiences of mud ﬂows
triggered by earthquakes have taught us that they become
mud ﬂows regardless of rainfall occurrence or reference.
Once it had become a mud ﬂow, it ﬂowed along the river
channel to a hot springs hotel (Komanoyu) at an elevation
of 800 m below the source of the debris ﬂow. Seven lives,
including two persons who were missing for an entire year
before being discovered, were lost in the hotel. Since the
river channel, which should have been the natural path of
the mud ﬂow, was buried by the landslide at the opposite
bank side of the hotel, due to the earthquake, the mud ﬂow
changed its course and proceeded in the direction of the
hotel. The mud ﬂow reached the hotel about 10 min after
the earthquake, according to the testimony of one survi-
vor. The travel distance was about 5 km from the source
point to the hotel along the river, as shown in Fig. 9.
Therefore, the average velocity of the debris ﬂow is
estimated to have been about 30 km/h. The hot springs
hotel is shown in Photo 1, before and after the event. The
second ﬂoor of a two-story house remained. The house
moved about 50 m upstream and rotated. Only two very
tall trees, which were in front of the house, were left. A
large number of gigantic trees and large rock masses, all
covered with mud, were included in the deposits that piled
up at the hotel site. The mud deposits were so soft that it
was impossible to walk on them after this event. We were
able to reach the site four days later with the support of the
Self-Defense Force of the Japanese Government.
The mud ﬂow passed the hot springs and ﬂowed to the
Gyoja Waterfall about 5 km downstream. The relation
between the difference in elevation and the distance is
shown in Fig. 10. The amount of debris piled up at the hot
springs was calculated to be about 650,000 m3 by compar-
ing topographical maps before and after the event. Simi-
larly, the amount of about 500,000 m3 was estimated to
have piled up at the Gyoja Waterfall. The amount of piled
up deposits at both points was very large. The mud ﬂow
was dammed up at two points because the river channel
was buried due to a slope failure in the vicinity. It is worth
noting that the source area of the debris ﬂow and the bank
which collapsed opposite the hot springs have been identi-
ﬁed as slopes which formed due to an ancient landslide.
Fig. 9. Route of debris ﬂow and amount of piled up soils estimated.
Photo 1. (a) Komanoyu hot spa hotel before earthquake (2003, taken by Mr. T. Hayakawa). (b) Just after the earthquake (11:24 on June 14, 2008, 2.5 h
later , taken by Mr. Iizuka)..
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6.1. Overview of the landslide
A huge landslide was generated at the upstream side of
the Aratosawa Dam during the earthquake. It was about
1.3 km in total length, about 900 m in maximum width and
the distance of the main slide was about 320 m. The
amount of movement mass totaled approximately 67 mil-
lion m3 and the landslide scarp was 148 m in height.
Fig. 11 shows the outline of the landslide and an aerial
photograph. It can be seen that the middle part of thelandslide moved as a rigid body and stopped once it hit the
mountain on the southeast side. The road has been left on
the sliding mass as it was.
6.2. Relation to the ancient landslide
Fig. 12 shows the digital elevation models (DEM) before
and after the earthquake. It is easy to identify the landslide
scarp topography. This landslide happened in a zone which
had been identiﬁed as landslide topography before the
earthquake (Miyagi et al., 2011). However, the slipping
area is not entirely consistent with past movements. According
Fig. 10. Elevation and distance along the route of debris ﬂow (after Fukken Gijutsu Consultant Co. Ltd.).
Fig. 11. Outline of the Aratosawa landslide and aero-photograph.
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large-scale landslide is thought to have occurred about 40,000
years ago.
6.3. Landslide-induced tsunami
The moving landslide body, with a volume of 1.55 million
m3, partially ﬂowed into the reservoir, the water level rose2.42 m, and a tsunami with about 2.5-m high waves was
generated. According to witnesses, part of the generated
tsunami overﬂowed the spillway on the right bank of the
dam. Moreover, the tsunami continued up the small river
ﬂowing into the reservoir at the right bank side and moved a
bridge girder by about 80 m toward the upstream side.
However, the damage to the Aratosawa Dam, a rock ﬁll
dam of a central core type, 74.4 m in height, due to the
Fig. 12. Digital elevation model of Aratosawa landslide (after Miyagi prefectural Gov.). (a) before Earthquake and (b) after Earthquake.
Fig. 13. Layer composition appearing in the landslide scarp.
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subsidence occurred in the rock-ﬁll part.6.4. Formation of landslide zone and sliding surface
After the earthquake, details of the landslide’s geographical
features were investigated by related organizations. Fig. 13
shows the geological composition that appeared on the land-
slide scarp, welded tuff, pumice tuff and alternating layers of
siltstone and sandstone in descending order. It is inferred from
the soil proﬁle investigation that the sliding surface was located
in the alternating layers of siltstone and sandstone, and that
the gradient was about 2.61, as shown in Figs. 14 and 15. The
two red circles in Fig. 15 show the locations of the borings,
which indicated the depth of the sliding surface. The stratumof the slip surface was sampled, and a series of mechanical soil
tests were performed (Kabuki et al., 2010).
6.5. Treatment after the landslide
For the restoration work of the dam function, the
landslide bodies were monitored after the earthquake.
The results showed no additional large deformation, and
the dam appeared to remain stable after the earthquake.
Even so, because a progressive vertical gap with a height of
5 m was found in the area behind the scarp, some of the
backside soil was removed in order to reduce the possibi-
lity of further slides. To prevent the earth from ﬂowing
into the dam lake, slope stabilization works were done in
the lower portion of the landslide body facing the lake. In
addition, drainage pipes between the newly generated
Fig. 15. Presumption of the angle of slide surface (after soil investigation
by government). The color coding shows the sliding block. (For
interpretation of the references to color in this ﬁgure, the reader is
referred to the web version of this article.)
Fig. 14. Cross section of the landslide.
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artiﬁcial river channel will be constructed from the bottom
of the ridge to the original dam in 2011. Information on
the above-mentioned restoration works can be seen on the
websites (Tohoku Forest Administration Bureau, Forestry
Agency, 2011).
6.6. Time sequential of landslide phenomena
Even though the time series of the sliding mass move-
ment is uncertain, the seismological data have provided a
clue to understanding the timing of the events. Fig. 16
shows the strong motion records observed at the KiK-net
IWTH25 underground, at the audit passage in the Kur-
ikoma Dam and in the Aratosawa Dam, respectively.
The absolute timing of each record is matched for
comparison. The scale of amplitude for the latter part,
that is, from 40 to 160 s, is magniﬁed to those of the earlier
part in order to identify the aftershocks visibly. As the
detailed locations of the observation points shown in
Fig. 8, KiK-net IWTH25 is located 13 km north of the
Aratosawa landslide. The Kurikoma Dam is about 6 km
east of the landslide and the Aratosawa Dam is about 1 km
south of it.When a sliding mass hits the opposite side bank, severe
ground motion might occur due to the impact. If a
seismograph picks up such a motion, the amplitude will
surely become larger and such a phase will appear earlier
in the short distance to the landslide site. If the propagat-
ing velocity of the impact-induced ground motion is
assumed to be 3 km/s, the corresponding phase will appear
ﬁrst in the Aratosawa Dam records and then in the
Kurikoma Dam records 2 s later. Finally, it will appear
in the KiK-net IWTH25 records 4 s later. After a detailed
examination, we concluded that the wave group of D, F
and K in the ﬁgure almost satisﬁes such requirements.
According to these records, the block that started to slip
due to the main shock slipped for about 1 min if the wave
group of D were attributable to the hit of the sliding body
on the opposite bank. As it moved 320 m in 60 s, the
average velocity of the mass movement is about 20 km/h.
In this study, we just use a travel time of remarkable phase.
Although, in a sense, it is a very primitive study, this
estimation proposes one possibility of the landslide in time
history.
6.7. Influence factors to the landslide at the earthquake
To discuss the cause of long distance sliding, we have
conducted a sliding block analysis using the strong motion
records observed at the audit passage in the Aratosawa
Dam (Matsui et al., 2010). In the analysis, the landslide
was idealized as a rigid body placed on a slope which was
supported by a spring and a slider, and the effective stress
reduction of the sliding surface material due to cyclic
loading was considered. The inﬂuence of the vertical
component of the earthquake motion to the sliding was
also considered. As a result, it is understood that the
predominant factor in sliding is the effective stress reduc-
tion in the residual state. It was found that if the effective
stress does not decrease to 6% or less of the initial stress,
sliding for a distance of 300 m or more on low angle slopes
of about 21 does not occur. The key issue affecting the slide
is the extent of the drop in effective stress. On the other
hand, shear tests on the soil from the sliding surface
material could not explain the large reduction in effective
stress (Kabuki et al., 2010). Gratchev and Towhata (2010)
also showed that undisturbed soil samples of pumice
exhibited greater resistance to liquefaction and strength
Fig. 16. Comparison of strong motion observed at the Aratosawa dam, Kurikoma dam and KiK net IWTH25 station.
Fig. 17. Major landslide dams (MLIT, 2008) in Iwate and Miyagi prefectures.
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mechanisms of landslides triggered by earthquakes, and
the causes of such long distance slides, require further
investigation.
7. Overview of landslide dams and quake lakes
Fig. 17 shows the locations of the 15 major landslide
dams in Iwate and Miyagi Prefectures (MLIT, 2008). More
than 50 landslide dams, including small ones, were
observed in the damaged area. The locations were identi-
ﬁed with ﬁeld reconnaissance, an aerial survey with a
helicopter, aerial photos (GSI, 2008) and prefectural
reports. The surface soil in the area consists mainly of
volcanic and pyroclastic sediments such as andesite,
pumice tuff and welded tuff due to past eruptions of the
Kurikoma Volcano on the border between Iwate and
Miyagi Prefectures. Most natural slope failures occurred
in the sediments of volcanic origin. The patterns of the
natural slope failures are classiﬁed into surface failures ofweathered rock, rock falls along columnar joints and
landslides along potential bedding planes. Most major
landslide dams are located in the area south of the
epicenter. It is possible that this tendency is due to the
geological conditions and the directivity of the earthquake
source fault.
Table 1 summarizes the dimensions of the major land-
slide dams (MLIT, 2008). The numbers in Table 1 corre-
spond to the locations in Fig. 17. At Ichinonobara (No. 2),
a large amount of collapsed materials dammed up the Iwai
River (Photo 2(a)). The collapsed slope was gentler than
most of the other natural slope failures which caused
landslide dams, and the potential slide was possibly
triggered by this earthquake. As the Iwai River had no
artiﬁcial dam, with a large capacity at the downstream side
of the Ichinonobara quake lake, countermeasure works
against the erosion of the landslide dam were started
immediately after the main shock. A temporal drain on
the left bank was expected to enable the avoidance
of the overtopping on the landslide dam (Photo 2(a)).
Table 1
Summary of dimensions of major landslide dams (MLIT, 2008).
No. in
Fig. 17
Site, city, prefecture River Width of
dam (m)
Length
of dam (m)
Volume of collapsed
soil (1000 m3)
1 Kogawara, Ichinoseki, Iwate Iwai 30 60 20
2 Ichinonobara, Ichinoseki, Iwate Iwai 200 700 1730
3 Tsukigidaira, Ichinoseki, Iwate Iwai 60 160 80
4 Sukawa, Ichinoseki, Iwate Iwai 130 280 390
5 Ubusume, Ichinoseki, Iwate Ubusume 200 260 12,600
6 Sakanoshita, Kurihara, Miyagi Hasama 20 80 90
7 Azabu, Kurihara, Miyagi Hasama 220 220 300
8 Kogawara, Kurihara, Miyagi Hasama 200 520 490
9 Nuruyu, Kurihara, Miyagi Hasama 80 580 740
10 Yunokura, Kurihara, Miyagi Hasama 90 660 810
11 Yubama, Kurihara, Miyagi Hasama 200 1000 2160
12 Kawaragoyasawa, Kurihara, Miyagi Hasama 170 400 210
13 Aratosawa, Kurihara, Miyagi Nihasama – – –
14 Numakura, Kurihara, Miyagi Mihasama 120 300 270
15 Numakura-urasawa, Kurihara, Miyagi Mihasama 160 560 1190
Photo 2. Landslide dams in Iwate prefecture (by Motoki Kazama, June 28). (a) Ichinonobara (No. 2 in Fig. 1) and (b) Ubusume (No. 5 in Fig. 1).
Photo 3. Landslide dams at Yunokura (No. 10 in Fig. 17). (a) Overview by Motoki Kazama, June 28 and (b) Surface view by Hiroaki Kabuki, July 20.
M. Kazama et al. / Soils and Foundations 52 (2012) 168–184178The volume of the collapsed materials at Ubusume (No. 5)
was the largest, it created a quake lake. The length of the
landslide dam was about 260 m along the Ubusume River
(Photo 2(b)).
Many landslide dams appeared along the Hasama River
in Miyagi Prefecture. Although a large artiﬁcial dam atHanayama is located at the downstream side, immediate
countermeasure works were begun after the main shock,
because many people live along the river. At Azabu (No. 7)
and Kogawara (No. 8), on the plane at the downstream
side, and at Yunokura (No. 10) (Photo 3) and Yubama
(No. 11) (Photo 4), in the mountain area, the large volume
Photo 4. Landslide dams at Yubama (No. 11 in Fig. 17). (a) Overview by Motoki Kazama, June 28 and (b) Surface view by Ryosuke Uzuoka, September 7.
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of the landslide dam at Yubama was about 1 km, which
was the longest one among the landslide dams induced by
this earthquake. Large rock boulders, with a diameter of
over 1 m, and broken trees were observed on the surface of
the landslide dams (e.g., Photos 3(b) and 4(b)). Welded
tuff with columnar joints, widely exposed around Mt.
Kurikoma, was observed. In addition, ﬁne surface soils
and weathered pumice tuff were also observed in the
landslide dam (e.g., Photo 3(b)). It is possible that the soil
constitutions of the landslide dams varied with the loca-
tions and the depth. The constitutions are dependent on
the geology, the degree of weathering of the original slope
and the failure conﬁguration such as the height of the main
scarp and the ﬂow distance. When the sediment of the
collapsed materials contains ﬁne particles and the dam is
long along the river, the permeability of the dam becomes
small and the rising rate of the water level of the dammed
lake becomes large during precipitation. Moreover, the rise
in the water level reduces the stability of the dam due to
overtopping-induced erosion and piping.
Some landslide dams had natural river channels on the
surface due to erosion during the overtopping after
precipitation. For example, although an overtopping of
landslide dams at Numakura-urasawa (No. 15) occurred
on June 24, the artiﬁcial dam lake at the downstream side
absorbed the debris ﬂow and there was no social damage.
After the overtopping, a natural river channel was formed
on the surface of the landslide dam at Numakura-urasawa.
The landslide dams at Ubusume and Kawaragoyasawa
(No. 12) also had natural river channels on the surface.
Although some small landslide dams broke a few weeks
after the earthquake, no major damage was reported.
8. Investigation at Yunokura landsile dam
The landslide dam at Yunokura is one of the largest dams
along the Hasama River. Firstly, the topography and the
geology are introduced. Secondly, the transition of the land-
slide dam for about one year after the earthquake is reviewed.
Thirdly, the results of in situ tests and laboratory tests with
disturbed samples from the landslide dam are described. Thein situ tests include SPT, PS logging, surface wave exploration
and borehole permeability tests. The laboratory tests include
grain size analyses and permeability tests.
8.1. Topography and geology at Yunokura
Fig. 18 presents topographical maps before and after the
earthquake. The topography before the earthquake is
based on the 1:25,000 topographical map by the Geogra-
phical Survey Institute (GSI). The topography after the
earthquake was obtained from LIDAR-derived DEMS by
MLIT. The slope failure occurred near the peak at the left
bank slope. Fig. 19 shows the cross section of the landslide
dam along the river, which was obtained by comparing the
topography before and after the earthquake. The collapsed
soil of about 810,000 m3 ﬂowed down the left bank slope
and was deposited on the downstream along the river. The
bottom length and the maximum height of the landslide
dam are about 540 m long and 30 m high, respectively.
The original slope consists of quaternary welded tuff and
pumice tuff. The large boulders on the surface (Photo 3)
originated from the welded tuff layer on the top of the
slope. The geological properties are typical of those of
the damaged area, as mentioned before. The mechanical
properties of the original surface rock should be investi-
gated in order to clarify the seismic stability of the
steep slope.
8.2. Transition of the landslide dam at Yunokura
Overtopping often occurred at the Yunokura landslide
dam. Fig. 20 shows the time history of the water level of
the dammed lake. The water level data before June 30 is
estimated from the pictures taken by mass media, and the
data after June 30 were provided by MLIT. The water level
had reached its highest point (395.4 m) of the landslide
dam four times by November of 2008.
Table 2 shows the time history of the natural events and
the restoration works at Yunokura. Photo 5 shows the
transition views of the landslide dam for about one half
year after the earthquake. The restoration works could not
be started immediately after the earthquake, because there
Fig. 19. Sectional view along the old river channel (red line in Fig. 18). (For interpretation of the references to color in this ﬁgure, the reader is referred to
the web version of this article.)
Fig. 18. Topography before and after the earthquake at Yunokura. (a) Before the earthquake (GSI) and (b) After the earthquake (MLIT, 2008).
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Fig. 20. Time history of the water level of the dammed lake at Yunokura.
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materials to the site. On July 5, 2008, drainage by a few
pumps was started (blue lines in Photo 5(a)). On July 9, the
number of pumps was increased and the water elevation
began to decline. After the creation of an access road on
August 10, a temporal drainage channel on the right bank
began to function. Moreover, a second channel with a
larger section was planned (Photo 5(b)); however, largeerosion occurred on October 24 (Photo 5(c)). The cumu-
lative rainfall amount was about 106 mm from 2:00 to
21:00 on October 24, which is the largest continuous
rainfall to occur after the earthquake. Erosion due to
overtopping began from the downstream side of the land-
slide dam at about 14:40 on October 24 and moved toward
the upstream side after about 2 h (Photo 5(c)). The failure
type of landside dam was progressive failure with erosion.
It is possible that the restoration works on the dam surface
reduced the stability due to the removal of large boulders.
The dimensions of the erosion were about 40 m wide, 15 m
deep and 250 m long, and the volume was about 100,000 m3
(Photo 5(d)) Due to the erosion, the water elevation of the
dammed lake declined about 10 m over a period of an hour,
from 16:40 to 17:40, and the capacity of the lake decreased
from 462,000 m3 to 127,000 m3 (MLIT, 2008). About one year
later, the eroded channel still had the conﬁguration, although
the melted snow ﬂowed into the spring (Photo 5(e)). The river
bed at the downstream side was reinforced against further
erosion (Photo 5(f)).
8.3. In situ tests at Yunokura
Fig. 21 shows the locations of the geological boring and
surface wave exploration conducted in October 2009. The
testing site is located on the left bank and is near above the
old river channel. Fig. 22 shows the vertical distributions
Table 2
Transition of landslide dam at Yunokura.
Date Time Natural event Restoration work
June 14, 2008 8:43 Main shock of earthquake
July 5, 2008 – – Drainage by a few pumps
July 9, 2008 – Decline in water level Drainage by 16 pumps
July 12, 2008 12:00 First overtopping
July 25, 2008 8:00 Second overtopping
August 10, 2008 – – Completeness of access road work Starting
of drainage channel work
August 19, 2008 12:00 Third overtopping
August 24, 2008 15:00 Fourth overtopping
October 24, 2008 2:00–21:00 Cumulative rainfall of about 106 mm
October 24, 2008 14:00 Fifth overtopping
October 24, 2008 14:40 Erosion from downstream side of dam
October 24, 2008 16:40 Erosion to upstream side of dam
October 24, 2008 17:40 Decline in water level of about 10 m
November 20, 2008 – – Band works on river bed
November 30, 2009 – – Revetment and slope stabilization works
Photo 5. Transition views of the landslide dam from right bank to downstream at Yunokura. (a) July 20, 2008 by Ryosuke Uzuoka, (b) September 7,
2008 by Ryosuke Uzuoka, (c) October 24, 2008 by MLIT, (d) November 24, 2008 by Ryosuke Uzuoka, (e) July 1, 2009 by Ryosuke Uzuoka and
(f) October 31, 2009 by Ryosuke Uzuoka.
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wave velocities. The rock core ratio is deﬁned as the ratio
of the rock core length cut out from a boulder for the unit
core with one a meter long. The thickness of the collapsed
soil at the site is about 22 m, which is smaller than the
maximum height of the landslide dam in Fig. 19. The
maximum diameter of the cut-out boulder is about 60 cm;
it is composed of tuff, not welded tuff, on the top of the
original slope. Silty sand, which might be crushed tuff, is
ﬁlled among the gravel and boulders.
The surface soil, with a depth of about 2 m, might be
disturbed by the restoration works; therefore, the N values
and the elastic wave velocities are very low. Until a depth
of 8 m, the N values are from 10 to 20, smaller than in
deeper parts. In addition, until a depth of 10 m, the elastic
wave velocities are smaller than in deeper parts. Although
the N values become large at certain depths, due to rock
hitting at depths of more than 8 m, the N values of the
matrix among the boulders are less than 20. The matrixamong the boulders does not seem to be compacted despite
the depth. The vertical distribution of the rock core ratio
agrees with that of the N values. The landslide dam,
induced by the rock slope failure, consists of not only rock
gravel or boulders, but also sand or silt. The shallow part,
to a depth of about 8 m, contains mainly soil with lower N
values and lower elastic wave velocities.
Borehole permeability tests were carried out in the
borehole at a depth of about 19 m. The ground water
table was about 15 m deep on October 30, 2009. The
permeability coefﬁcients by the water injection method and
the water recovery method were 1.0 104 and 1.3
103 m/s, respectively. Although silty sand is ﬁlled among
the gravel and boulders, the permeability is very high.
Surface wave and electrical prospecting were also carried
out around the borehole. Fig. 23 shows the distribution of the
surface wave velocities and resistivity. The lower resistivity
shows lower permeability and ﬁner soil. The surface wave
velocities and the resistivity are relatively low in shallow
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distribution of N values and the elastic wave velocities at the
boring site. It is noted that the horizontal distributions of
surface wave velocities and resistivity are not homogeneous.
The tests results show that the shallow part, to a depth
of about 8 m, contains mainly soil with relatively lower N
values and lower elastic wave velocities. On October 24,
2008, the surface of the landslide dam was eroded at a
depth of about 15 m. If the elevation at the boring site was
not changed after the erosion, not only the soft layer with
soil, but also the stiff layer with gravel and boulders were
eroded. The in situ permeability coefﬁcient measured at the
borehole is two orders larger than that obtained by the
laboratory permeability tests for disturbed samples. These
results suggest that there are some groundwater ﬂow
channels in the landslide dam. The stability of a landslide
dam against seepage and overtopping will be discussed
with the data obtained by this research in the future.9. Conclusions
In this paper, we have described the geotechnical dis-
asters induced by the Iwate–Miyagi Nairiku Earthquake of
2008. The conclusions can be summarized as follows:(1) An earthquake of magnitude 7.2 hit the volcanic
mountain areas of Northeastern Japan. The maximum
acceleration recorded at the observation site in the
source region was over 4G, a combined value which is
the highest PGA on record in the world.(2) A landslide of 1.5 million m3 generated near the top of
Mt. Kurikoma became a ﬂow of debris that traveled
10 km. The geomorphic characteristics of the mud ﬂow
have been reported.(3) A huge landslide was generated upstream at the
Aratosawa Dam. It was about 1 km in length, about
700 m in width, and had a sliding mass of about
67 million m3 that slipped by about 320 m. The angle
of the sliding surface was estimated to have been about
2.61. The possible causes of such a large, long-distance
slide have been discussed.(4) More than 50 natural dams were generated due to the
landslide and the failure of the slopes facing the river.
Its features, treatment and site investigation results
have been reported.Acknowlegments
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